General
All reactions were carried out in dry glassware under Argon. Anhydrous solvents were obtained by filtration through activated aluminum oxide. Solvents for extractions and flash chromatography were distilled before use. Flash chromatography (FC) was performed using silica gel (pore size 60 A, 230-400 mesh) from Fluka. Thin layer chromatography was carried out on glass-backed plates precoated with silica gel (0.25mm, UV254) from Macherey-Nagel. 1 H NMR was recorded at 300MHz or 400MHz on a Bruker AC-300 or a Bruker DRX-400. 13 C NMR (75 MHz) was recorded on a Bruker AC-300.m 31 P NMR spectra were recorded at 121.4 MHz. All spectra were referenced to the signals of the corresponding solvent. Chemical shifts are given in ppm (δ scale) and coupling constants (J) in Hz. High resolution electrospray ionization (ESI) mass spectra were recorded on a Thermo Scientific LTQ Orbitrap XL instrument.
Synthesis of the dimethylaminopyrene (C-AP) phosphoramidite
Scheme S1. Synthesis of 6-bromo-N,N-dimethylpyren-1-amine (3).
Compound (2)
Pyrene (1) (10 g, 49.4 mmol, 1 eq.) was dissolved in MeOH (150mL) and Et2O (150 mL) and cooled to 15-20°C under argon. To this solution HBr 48 % (aq.) (7.1 mL, 62.7 mmol, 1.27 eq.) was slowly added followed by the addition of H2O2 30 % (aq., 5.1 mL, 49.9 mmol, 1 eq.). The reaction mixture was stirred for 16 h at RT, quenched with NaHCO3, extracted with DCM (3 x 300 mL), dried over Na2SO4 and concentrated under reduced pressure. The crude product was then dissolved in AcOH conc. (700 mL) at RT. To this solution HNO3 conc. (6 mL, 143.8 mmol, 2.9 eq.) was added dropwise, whereas a thick suspension was formed, which was vigorously stirred for another 2 h at RT. The suspension was poured slowly on ice and filtered subsequently. The yellow solid was suspended in AcOH conc. (500 mL) and Zn powder (12.7 g) was added. This reaction mixture was heated up to 90°C for 72 h, cooled down to RT and finally quenched slowly with NaHCO3. The dark green suspension was extracted with DCM (3 x 300 mL), dried over MgSO4, concentrated and purified by flash chromatography (hex/EtOAc 8/2) to yield 3.5 g (26 %) of 2 as a dark green solid. TLC (hexane/EtOAc = 6/4): Rf of 2= 0.77 MS m/z calculated for 2 C16H11BrN+H + : calc. 323.0304, found 323.0304. 1 H NMR of 2 (300 MHz, DMSO) δ 8. 35 (d, J = 9.3 Hz, 1H), 7H), 7.72 (d, J = 8.3 Hz, 1H), 2.92 (s, 6H, CH3). 13 C NMR of 2 (75 MHz, DMSO) δ 148. 73, 131.16, 130.78, 127.31, 126.26, 126.15, 126.07, 125.24, 125.18, 124.48, 124.39, 124.26, 123.40, 123.22, 116.63, 45.11 . Compound (3) 6-bromopyren-1-amine (2) (1.0 g, 3.4 mmol, 1 eq.) was dissolved in Et3N (9.4 mL, 67.8 mmol, 20 eq.), formic acid (1.56 mL, 67.8 mmol, 20 eq.) and DMSO (10 mL) at RT under Argon in a sealed pressure tube (50 mL). The reaction mixture was heated to 150 °C for 18 h, cooled to RT, quenched with NaHCO3 sat (20 mL) and extracted with DCM (3 x 25 mL). The organic layers were combined dried over MgSO4, concentrated and purified by flash chromatography (hex/EtOAc 9/1) to yield 1.0 g (91 %) of the title compound 3 as a yellow-green solid. 63, 166.24, 149.43, 144.03, 144.02, 135.45, 131.04, 130.11, 129.96, 129.94, 129.83, 129.64, 129.35, 129.10, 128.82, 127.81, 127.69, 127.32, 126.90, 126.62, 126.52, 126.36, 125.66, 125.59, 124.74, 124.31, 123.34, 122.94, 120.63, 116.75, 82.73, 78.57, 76.72, 64.97, 45.82, 45.75, 40.67, 21.84, 21 .76.
Scheme S2. Synthesis of C-AP phosphoramidite 8.
Compound (5)
6-bromo-N,N-dimethylpyren-1-amine (3) (1.05 g, 3.3 mmol, 2 eq.) was dissolved in 30 mL dry THF and cooled down to -78°C under argon. tert-BuLi 1.7 M (1.9 mL, 3.3 mmol, 2 eq.) was added dropwise within 10 min. After 20 min at -78°C, copper(I) iodide (0.33 g, 1.9 mmol, 1.2 eq.) was added and the resulting mixture was stirred for 1 h at RT until the copper iodide was dissolved. At -78°C, chlorosugar (4) (0.6 g, 1.6 mmol, 1Eq.) was added and stirred for 22 h at -78°C→ RT. After the addition of a 10% aqueous solution of NH4Cl, the water phase was extracted 3 times with 100 mL EtOAc and the combined organic phases were dried over Na2SO4. 63, 166.24, 149.43, 144.03, 144.02, 135.45, 131.04, 130.11, 129.96, 129.94, 129.83, 129.64, 129.35, 129.10, 128.82, 127.81, 127.69, 127.32, 126.90, 126.62, 126.52, 126.36, 125.66, 125.59, 124.74, 124.31, 123.34, 122.94, 120.63, 116.75, 82.73, 78.57, 76.72, 64.97, 45.82, 45.75, 40.67, 21.84, 21.76 .
Compound (6)
The starting material 5 (0.2 g, 0.32 mmol, 1 eq.) was dissolved in DCM (3 mL) and MeOH (3 mL) at RT under Argon. To this reaction mixture, NaOMe (0.14g, 2.54 mmol, 8 eq.) was added in one portion and stirred for 18 h at RT. The reaction mixture was quenched with NaHCO3 sat. (10 mL) and extracted with DCM (3 x 20 mL). The organic layers were combined, dried over MgSO4, concentrated and purified by FC (hex/EtOAc 3/2 to EtOAc) to yield 115 mg (91%) of 6 as a beige solid. TLC (EtOAc/hexane = 8/2): Rf of 6 = 0.25. (dt, J = 11.6, 8.9 Hz, 2H, H-C5'), 3.04 (s, 6H, CH3), 3.10 -2.92 (m, 1H, H-C2'), 2.18 (ddd, J = 13.0, 7.7, 6.6 Hz, 1H, H-C2'). 13 C NMR of 6 (101 MHz, CDCl3) δ 149. 44, 135.79, 131.02, 127.79, 127.70, 126.60, 126.53, 126.33, 125.62, 125.58, 124.74, 124.60, 123.39, 122.30, 120.46, 116.76, 86.02, 77.60, 73.66, 63.09, 45.82 , 43.94 .
Compound (7)
To a solution of nucleoside 6 (0.15g, 0.4 mmol, 1 eq.) in dry pyridine (2 mL) at 0°C under argon, DMT-Cl was added in four portions over 2 h. This solution was stirred for another 2 h at 0°C, quenched with NaHCO3 sat. (10 mL) and extracted with DCM (3 x 20 mL). The organic layers were combined, dried over MgSO4, concentrated and purified by FC (hex/EtOAc 9/1 to 8/2) to yield 0.22 g (78%) of 7 as a yellow foam. 80, 147.49, 145.03, 139.62, 136.18, 135.95, 131.00, 130.29, 130.28, 130.11, 129.29, 128.36, 128.32, 128.09, 128.00, 127.92, 127.77, 127.71, 127.65, 127.23, 127.03, 126.74, 126.33, 125.62, 125.56, 125.53, 124.73, 123.27, 122.39, 120.67, 116.79, 113.39, 113.33, 86.06, 77.71, 77.62, 73.74, 63.13, 60.54, 55.40, 45.91, 44 .01.
Compound (8)
To a solution of 7 (0.22g, 0.3 mmol, 1 eq.) in dry THF (6 mL), N,Ndiisopropylethylamine (0.17 mL, 0.9 mmol, 3 eq.) was added followed by CEP-Cl (0.11 mL, 0.48 mmol, 1.5 eq.) at RT. This reaction mixture was stirred for another 2 h at RT, quenched with NaHCO3 sat. (10 mL) and extracted with DCM (3 x 20 mL). The organic layers were combined, dried over MgSO4, concentrated and purified by FC (hex/EtOAc 9/1 to 8/2) to yield 0. H-2'), 2.14 (dd, J = 6.9, 5.9 Hz, 1H, CH-iPr), 1.08 (dd, J = 6.8, 3.5 Hz, 6H, CH3-iPr), 1.04 (d, J = 6.8 Hz, 3H, CH3-iPr), 0.95 (d, J = 6.8 Hz, 3H, CH3-iPr). 13 C NMR of 8 (101 MHz, CDCl3) δ 158. 65, 149.32, 145.18, 145.15, 136.65, 136.38, 136.33, 136.28, 136.20, 130.90, 130.78, 130.41, 130.38, 130.35, 128.53, 128.47, 128.00, 127.70, 127.57, 126.94, 126.70, 126.68, 126.62, 126.58, 126.41, 125.48, 125.43, 124.81, 124.51, 124.37, 123.36, 123.31, 123.17, 120.96, 120.91, 116.67, 116.63, 113.31, 86.42, 85.49, 85.43, 85.15, 78.26, 78.03, 77.48, 77.36, 77.16, 76.84, 76.06, 75.95, 75.89, 75.78, 64.68, 64.51, 60.54, 58.46, 58.29, 58.09, 57.92, 55.39, 55.38, 45.83, 43.35, 43.29, 43.22, 43.17, 42.81, 24.73, 24.69, 24.66, 24.62, 24.59, 24.48, 24.41, 20.33, 20.26, 20.15, 20.08 . 31 P NMR of 8 (162 MHz, CDCl3) δ 148.34 (s), 147.34 (s).
Synthesis of the caynophenanthrene (CNphen) phosphoramidite
Scheme S3. Synthesis of CN phen phosphoramidite 12.
Compound (10)
The starting material 9 (0.6 g, 1 mmol, 1 eq.) was dissolved in dry NMP (18 mL) at RT. To this solution CuCN (179 mg, 2 mmol, 2 eq.) was added and the reaction mixture was degased by three freeze-thaw cycles. Finally, Pd(PPh3)4 (116 mg, 0.1mmol, 0.1 eq.) was added to the yellow solution, which was heated up to 170°C for 1.5 h. The dark red reaction mixture was cooled to RT, quenched with NaHCO3 sat. (20 mL), extracted with EtOAc (3x 30 mL) and dried with NaSO4. The crude product was purified by flash chromatography (EtOAc to EtOAc/MeOH 8/2) to yield 0.21 g of 10 in 65. Hz, 1H, H-C3'), 3.97 (td, J = 5.0, 2.5 Hz, 1H, H-C4'), 3.78 -3.65 (m, 2H, H-C5'), 2.27 (ddd, J = 13.1, 5.5, 1.6 Hz, 1H, H-C2'), 2.00 (ddd, J = 13.1, 10.5, 5.9 Hz, 1H, H-C2'). 13 C NMR of 10 (101 MHz, MeOD) δ 143. 9, 134.78, 134.45, 134.2, 132.97, 130.09, 129.09, 128.32, 127.29, 126.88, 126.77, 125.31, 124.69, 119.90, 110.89, 89.49, 81.32, 74.48, 64.11, 45.16 .
Compound (11)
To a solution of starting material 10 (0.3 g, 0.5 mmol, 1 eq.) in dry pyridine (12 mL) at 0°C, 4,4'-dimethoxytrityl chloride (0.36 g, 1 mmol, 2 eq.) was added in 4 portions over 1 h. This orange solution was stirred for another 2 h at 0°C, quenched with MeOH (1 mL), stirred 15 min at RT, diluted with EtOAc and washed with NaHCO3 sat. The combined aqueous phases were extracted with EtOAc (3 x 20 mL). The combined organic phases were dried over Na2SO4, concentrated and purified by flash chromatograpy (hex/EtOAc 8:2 + 1 ‰ TEA) to yield 0.33 g (72 %) of the title compound , H-C3'), 4.19 -4.10 (m, 1H, H-C4'), 3.77 (s, 6H, OMe), 3.40 (dd, J = 4.6, 1.8 Hz, 2H, H-C5'), 2.46 -2.33 (m, 1H, H-C2'), 2.29 -2.14 (m, 1H, H-C2'). 13 C NMR of 11 (75 MHz, CDCl3) δ 157. 54, 143.85, 141.39, 135.05, 135.02, 132.60, 132.00, 131.76, 130.43, 129.12, 128.16, 128.13, 128.00, 127.73, 127.23, 126.98, 126.76, 125.84, 125.15, 124.76, 124.54, 122.80, 122.39, 118.14, 112.17, 108.79, 85.61, 85.37, 78.73, 73.66, 63.44, 54.20, 43.11 .
Compound (12)
The starting material 11 (0.4 g, 0.64 mmol, 1 eq.) was dissolved in dry THF (12 mL) at RT. To this solution N,N-diisopropylethylamine (0.34 mL, 1.9 mmol, 3 eq.) followed by 2-cyanoethyl-diisopropylaminochlorphosphine (0.22 mL, 0.97 mmol, 1.5 eq.) was added and stirred for 2 h at RT. The reaction mixture was quenched with NaHCO3 sat. (20 mL) and extracted with EtOAc (3 x 20 mL). The combined organic layers were dried over Na2SO4, concentrated and purified by flash chromatography (hexane/EtOAc 9/1 to 1/1 + 1 ‰ TEA) to yield 0. 66, 158.64, 145.03, 142.49, 136.29, 136.22, 133.77, 133.18, 132.95, 132.91, 131.59, 130.35, 130.31, 129.19, 129.17, 128.92, 128.88, 128.49, 128.44, 128.14, 128.11, 127.97, 126.97, 126.93, 126.31, 126.28, 126.04, 125.80, 125.77, 123.99, 123.55, 123.52, 119.35, 113.27, 109.95, 109.92, 86.3 , 86.34, 80.26, 80.19, 64.39, 64.26, 58.59, 58.40, 55.36, 43.77, 43.70, 43.48, 43.44, 43.36, 43.31, 24.83, 24.82, 24.76, 24.75, 24.70, 24.68, 24.63, 24.60, 20.60, 20 .53,
Cyclic Voltammetry
The redox potentials were measured using an Autolab (PGSTAT-30) potentiostat. To measure the cyclic voltammograms a three-electrode cell was used with a Pt counter electrode, Ag/AgCl reference electrode and an Au bead working electrode.
Nucleosides 6, 10, 13, and 14 were prepared in 0.1 mM concentrations in 0.1 M TBAPF4 in DMF (to overcome the problem of low solubility of CN phen (10) in DMF, a 1:5 DMSO/DMF ratio was used to perform the experiment. 
DFT calculations
In order to calculate the energies of the lowest unoccupied molecular orbitals (LUMO) and the highest occupied molecular orbital (HOMO), the Gaussian G09 [177] program package was used. The geometry optimizations were performed using B3LYP and 6-31G(d) basis sets. Further restrictions were: (scf=(conver=9,maxcycle=200,xqc) Opt(VeryTight) Int(Grid=UltraFine) iop(6/7=3) guess=indo gfinput gfoldprint pop=full) SCRF= (CPCM,Solvent = n,nDiMethylFormamide) LUMO (Hartree) HOMO (Hartree) LUMO (eV) HOMO (eV) E00 C-AP (6) -0. Table S1 . DFT calculations.
UV-Spectroscopy
UV scans of the nucleosides C-AP (6), CN phen (10), NH2 phen (13) and Phen (14) were performed on a Varian Cary 100-Bio UV/VIS spectrophotometer (Varian Inc.) at RT. 
DNA synthesis
DNA synthesis was performed on a 1.3 µmole scale on a Pharmacia Gene Assembler Plus DNA synthesizer following standard phosphoramidite protocols with 5-(ethylthio)-1H-tetrazole (0.25 M in CH3CN) as the activator and coupling times of 10 min for the modified building blocks. Cleavage from the solid support and final deprotection was achieved with 30 % NH4OH solution (55 °C, 12 h). Sequences containing 5-bromouracil were deprotected with 30 % NH4OH solution for 24 h at room temperature in order to avoid formation of 5-aminouracil. Purification was performed by IE-HPLC using A = 25 mM TRIZMA in H2O, pH 8.0; B = 25 mM TRIZMA, 1.25M NaCl in H2O, pH 8.0, detection wavelength at 280 nm and 495 nm for fluorescein containing sequences. A flow rate of 1.0 ml/min was used. For oligonucleotides containing one Phen base surrogate a gradient from 0 -60% B over 40 min was used, for oligonucleotides containing three Phen base surrogates a gradient from 0 -80% B over 40 min was used. Desalting of the sequences was achieved with filtration through SepPak Classic C18 Cartridges. 
Mass Spectrometry

UV Melting Curves
UV melting curves were recorded on a Varian Cary 100-Bio UV/VIS spectrophotometer (Varian Inc.), equipped with a Peltier element at 260 nm with a heating/cooling rate of 0.5°C/min. A cooling/heating cycle in the temperature range 10-80 °C was applied. Tm values were obtained from the maxima of the first derivatives of the melting curves using WinUV software. To avoid evaporation of the solution, the sample solutions were covered with a layer of dimethylpolysiloxane. All measurements were carried out in a buffer consisting of 10 mM Na2HPO4, 150 mM NaCl, pH 7.0 at 2 μM strand concentration. Table S3 . Thermal stabilities of duplexes D1-D29 with corresponding standard deviations.
CD spectra
CD spectra were measured on a JASCO J-715 spectropolarimeter at the temperature indicated using quartz cuvettes with a path length of 1 cm. All measurements were carried out at 20 °C in a buffer consisting of 10 mM Na2HPO4, 150 mM NaCl, pH 7.0 at 2.0 μM strand concentration. 
Irradiation experiments
The irradiation sample was prepared by mixing a duplex (4 μM, 10 mM Na-Pi-buffer, 150 mM NaCl, pH 7.0) in equimolar solutions of the single strands together and annealing them at 90 °C for 5 min. in the dark. After cooling to room temperature, the samples were deoxygenated by bubbling N2 for 30 min. through the solution. 60 μl of the solution were then irradiated for 5 to 640 seconds in a plastic Eppendorf tube (1 mL) at 420 nm with a UV-source (LUMOS 43, optical output: 200 mW/cm 2 ) at RT. After irradiation, the samples were treated with piperidine (6.6 μl) in the absence of light, subsequently heated to 90 °C for 30 min., cooled to RT and lyophilized. 
Gel electrophoresis
The lyophilized samples were dissolved in loading buffer (60 μl; 900 μl of formamide, 100 μl EDTA solution pH 8.0) and treated with ultrasound for 3 min. at RT. After sonication samples were heated to 60 °C for 10 min. and loaded (20 μl) onto a gel (19:1 acrylamide-bisacrylamide, 20 % w/v, 8 M urea, 100 mM Tris-borate and 20 mM EDTA buffer, pH 8.3). Gels were run at 250 V for 2 h and analyzed using a FLA-3000 Phosphor Imager (Fujifilm). Band intensities were quantified with ImageJ. Yields were determined by dividing the specific fragment area (a,b and c) by the total area of the fragments, where the aliquot without piperidine treatment served as a blank. All experiments were performed in triplicates. 
Evaluation of EET
The gels were analyzed by imageJ. The EET yield was determined by dividing the integrated area of the fragments that increase due to irradiation (a and c) by the area of the integrated bands of the fragments a, b, c and the full-length sequence. Each experiment was performed at least three times. Table S5 . Summary of EET yields (%) of the irradiated single strands.
Crosslink
Upon irradiation of duplexes/single strands containing an electron donor, electron rich phen bases and Br dU, a band of low mobility was formed. The irradiation product of D14 was characterized by ESI MS -after RP-HPLC isolation and corresponded to the intrastrand crosslink photoproduct m/z M+7H +  calc. 4608.3, m/z found. 4608.9 as already observed for unsubstituted phen residues. This intrastrand crosslink photoproduct was also shown to have a retention time in RP-HPLC that is in between those of both single strands of duplex D14 ( Figure S ). These facts lead to the assumption that it is an intrastrand photoreaction rather than an interstrand photoreaction, for which a higher retention time would be expected. 
